Until the fenestration operation was introduced no surgical treatment could be offered to patients with this disease. The fenestration operation gave some hearing improvement, but it had the disadvantage of leaving a large mastoid cavity, which frequently became infected, and of not restoring the hearing to normality. It was succeeded by the operation of stapedectomy which left no mastoid cavity and did, in many cases, restore the hearing to normal. Several variations in the technique of this operation have been described, all of which result in good hearing improvement. With these advances in surgical technique it is now possible to release many patients with otosclerosis from their handicap of deafness and restore them to useful life in their community.
NATURAL HISTORY.
Clinical otosclerosis has a hereditary tendency, as first pointed out by Toynbee (1860) . It affects females four times as often as males and usually affects both ears. Rarely it forms part of a rare hereditary defect of bone structure called Van der Hoeve's syndrome where it is associated with excessive blueness of the sclera and osteogenesis imperfecta. Apart from this, otosclerosis has no known relationship with any systemic disease.
It is now established that pregnancy influences the course of otosclerosis. A woman with otosclerosis has a one chance in four of having further hearing loss as a result of a pregnancy, especially the first one. The age of onset of deafness is usually between 16 and 25 years of age but the disease process must have started some time before deafness occurs. The deafness is slowly progressive and is often associated with tinnitus, while in later life a nerve deafness is superimposed on the conductive element in many patients. The exact aetiology of this nerve deafness is unknown, but it is thought to be due to otosclerosis.
PATHOLOGY.
Otosclerosis is a disease of the endochondral layer of the otic capsule in which the normal bone is replaced by new vascular bone. It arises most commonly in the fissula ante fenestram (Guild, 1944) , which lies just anterior to the oval window and commonly affects both ears. As the disease progresses and more vascular bonie is laid downi, the footplate of the stapes becomes involved and its mobility is restricted. Thus souild waves striking the tympanic membranie produce less movement of the ossicular chain and the magnitude of the stimulus reaching the cochlea is greatly reduced. The otosclerotic process may, bv direct extension, invade the cochlea and produce a nerve deafness. Similarly, it may affect the vestibular system, causing vertigo.
SIGNs AND SYA\IPro10S. The following symptoms are usually present in otosclerosis: Slowly progressive bearing loss. This affects the lower tones first and is usually present in both ears. The acuity of hearing is slowly but progressively impaired, as the stapes becomes more involved in the disease process.
Paracusis. The patient will say she hears best when in noisy surroundings. This is the opposite to what is found in patients wvith a nerve deafness. Paracusis occurs because the patient with otosclerosis has a low tone conductive hearing loss and so cannot hear surrounding noise. Personis with normal hearing in this situation raise their voice in pitch and intensity to overcome surrounding noise and the patient with otosclerosis hears the raised voice more clearly.
Tinnituts. This is a common complaint in deafness due to otosclerosis. It is not present in every case and is relieved by surgical correction of the deafness in 50 per cent. of cases (Schuknecht, 1964) .
Clinical examination reveals normal tympanic membranes. Occasionally, when the disease is very acute, a red flare can be seen through the tympanic membrane. Tuning fork tests reveal that the patient hears better by bone conduction than by air conduction in the affected ear. This finding should be confirmed by a full audiometric examination in every case before surgery is contemplated.
TREATMIENT.
The current ideas regarding treatment are that hearing can be restored to normal or improved by performing any one of the following procedures. The exact operation perfornmed will depend on the extent of the otosclerotic process found at surgery and also on the experience and personal preference of the surgeon.
Each of these operations is done through a speculum placed in the external canal of the ear. By means of an operating microscope, the tympanic membrane can be viewed at a magnification suitable to the surgeon. Local or general anxsthesia may be used. A semi-circular incision is made in the skin of the ear canal five or six millimetres from the tympanic membrane, beginning superiorly and extending in a roughly arcuate fashion to reach the inferior aspect of the canal. The skin of the canal and the tympanic membrane are reflected forwards to expose the middle ear cavTity. Bone usually needs to be removed fronm the postero-superior meatal nmargin to give adequate exposure of the whole footplate of the stapes. The exact surgical procedure now followed will be one of the following. 50 STAPEDECTOMY.
In this operation the stapes bone is removed completely and replIced by a graft-prosthesis. Those in common use are now described.
1. Fat and Wire Prosthesis. This technique was first described by Schuknecht (1960) and is the one most commonly used today. The fat is taken from the lobe of the ear and the prosthesis is formed, using thirty-six English gauge FAT PLUG AND WIRE STRU( stainless steel wire. The fat is placed in the oval window and the other end of the wire-is attached to the lenticular process of the incus, as shown in Fig. 1. 2. Polyethylene tubing and vein graft. This procedure, first described by Shea (1958) , consists of covering the oval window with a vein taken from the arm or leg and bridging the gap between the graft and the incus with a polyethylene strut (Fig. 2) . This is a satisfactory technique, but its major drawback WMWAFT&JOrTEN GIIT(N4 reconstruction. Fig. 2 -Vein graft and polyethylene tubing is that the strut may become detached from the incus and thus no hearing gain result.
3. Gelfoam and a Wire Strut. This operation was described by House in 1962 and is a combination of the two techniques already described. A portion of compressed gelfoam is placed over the oval window and a wire loop, as shown in Fig. 3 , is placed on the gelfoam and crimped to the incus. The wire loop is less likely to slip from its position than the polyethylene, and for this reason many surgeons prefer this operation.
Many minor variations in the techniques described have been introduced. One of the best known is that devised by Kos (1960) in which a rolled up vein is substituted for fat, as shown in Fig. 4 . Otherwise the operation is similar to that described by Schuknecht. All of the operations described give excellent hearing results in skilled hands. However, there remains a group of patients where the footplate of the stapes is so involved by otosclerosis that removal would only result in a severe nerve deafness due to damage to the inner ear. Such patients are best treated by the operation of partial stapedectomy.
VEIN PULO AND WIRE STRUT (1(0W ) PARTIAL STAPEDECTOmY (Piston Operation). This operation has only been in general use for about two years. It consists of removing the crura of the stapes and drilling a hole in the footplate big enough to accommodate a piston not larger than 0.8 mm. in diameter. The piston is inserted so that it projects about half of one millimetre below the footplate while the other end is attached to the incus. Several types of piston may be used, but a satisfactory one is that shown in Fig. 3 . While some surgeons use this operation on all cases of otosclerosis, many authorities think its use should be limited to those patients in whom the footplate of the stapes is found to be very thick.
The surgical treatment of otosclerosis has resulted in the restoration of hearing to patients previously destined to live in a world of silence or the lifelong use of a hearing aid. While further advances in technique are expected those in use at present give excellent results.
